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1 Introduction

This contribution considers the UL HARQ-ACK resource mapping in the PUCCH in response to PDSCH transmissions in multiple DL Component Carriers (CCs) under the following design objectives:

a) Avoid a large increase in the HARQ-ACK overhead (compared to Rel-8)
b) Re-use Rel-8 resource mapping methods
The first design objective is justified by the fact that the number of Rel-10 UEs having CA per sub-frame is typically small and therefore the HARQ-ACK resource mapping to support CA should not lead to a substantially larger overhead than in Rel-8. Additionally, as the UL Primary CC (UL PCC) is likely to offer the best system-wide link quality and as the CSI overhead is also likely to increase, it is particularly important to minimize PUCCH overhead in the UL PCC.
The second design objective has the obvious benefit of simplicity for its specification, testing, and implementation.
2 HARQ-ACK Resource Mapping in PUCCH
The HARQ-ACK transmission in the PUCCH is currently based on the following two principles:

a) A single UE-specific UL CC is configured by higher layers for the UCI transmission in the PUCCH.

b) For a CA-capable UE configured for single UL/DL carrier-pair operation, single-antenna PUCCH resource assignment is as in Rel-8.
Moreover, RAN2 agreed on the principle of CC activation and deactivation where an RRC-CONNECTED UE that is not in DRX always has one DL CC activated. Referring to this DL CC as the DL Primary CC (DL PCC) and to the UL CC with the UCI transmission in the PUCCH as the UL Primary CC (UL PCC), the previous two principles for the HARQ-ACK transmission imply that the DL PCC is always linked to the UL PCC.
Observation: The DL PCC is always linked to the UL PCC.
For the HARQ-ACK resource mapping in the PUCCH of the UL PCC (assuming HARQ-ACK transmission based on Rel-8 multiplexing and/or reduced duration using the Rel-8 structure), the following possibilities exist with DL CA:

a) All DCI formats for PDSCH transmission are transmitted in the DL PCC

a. Typical scenario in case of het-net operation with 2 DL CCs and 2 UL CCs

b) Some DCI formats for PDSCH transmission are not transmitted in the DL PCC

a. Typical scenario for “normal” CA (parallel Rel-8 operation in multiple DL/UL CC pairs) where each DL CC transmits its own PDCCH

For the first case, the Rel-8 FDD mapping for the HARQ-ACK resources in the PUCCH can directly apply.
For the second case, the Rel-8 TDD mapping for the HARQ-ACK resources in the PUCCH can also apply subject to a simple condition that it is next discussed. The Rel-8 TDD mapping for the HARQ-ACK resources in the PUCCH is based on the UE decoding the PCFICH in each DL sub-frame of the bundling window and therefore knowing the PDCCH size and the number of respective CCEs in each DL sub-frame. Considering DL CCs as TDD DL sub-frames, the Rel-8 TDD mapping for the HARQ-ACK resources in the UL PCC can be directly re-used. It is noted that because UEs with DL CA are expected to have at least moderate DL SINR, the PCFICH detection in the DL CC of PDCCH transmission is not a problem (or it is much less of a problem than it is for multiple sub-frames in Rel-8 TDD).
The condition in order for the parallelism between Rel-8 TDD sub-frames and Rel-10 DL CCs to be valid is that UEs having the same DL PCC are activated DL Secondary CCs (DL SCCs) which have PDCCH transmission in the same order that is configured by higher layers. For example, in Figure 1, UEs with DL CC2 as DL PCC are activated DL SCCs in the same order starting with DL CC3, and continuing with DL CC4, DL CC5, and DL CC1. This restriction needs to only apply if the DL SCC has a PDCCH transmission. Then, a UE decodes the PCFICH in these DL SCCs and can know of the corresponding reserved resources for HARQ-ACK transmission in the UL PCC as in Rel-8 TDD. 

[image: image30.bmp]
Figure 1: Activation of DL CCs (as for Serial Transmission of DL Sub-frames in Rel-8 TDD).
Direct re-use of the Rel-8 TDD HARQ-ACK resource mapping in the PUCCH can apply using the notation:
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 is the number of CCEs in a DL sub-frame having a PCFICH value of 
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 is the first CCE in the DCI format scheduling PDSCH transmission in DL SCC 
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The UE first selects a value 
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as the resource for the HARQ-ACK transmission corresponding to PDSCH reception in DL SCC 
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By re-using the Rel-8 TDD mapping, the maximum PUCCH resources in the UL PCC for HARQ-ACK transmissions in response to PDSCH receptions in 
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 DL SCCs can be computed from 
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 which is obtained at 20 MHz for 
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. Given that the maximum number of CCEs at 20 MHz is 87, the maximum number of HARQ-ACK resources in the UL PCC PUCCH is 
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. Assuming multiplexing of 18 HARQ-ACK channels per PRB, 19 PRBs are needed to accommodate HARQ-ACK transmissions in the PUCCH of the UL PCC. This represents a 19% overhead and it is clearly excessive. 

As the DL PCC is not part of the block interleaving for the DL SCCs (e.g. the DL PCC also supports Rel-8 UEs), some Node B scheduler restrictions are necessary to avoid HARQ-ACK resource collisions.

3 HARQ-ACK Resource Compression in PUCCH
Although HARQ-ACK resource compression was considered but not adopted in Rel-8 TDD, its need is more pronounced in case of CA as the PUCCH overhead in the UL PCC can be excessive. At least for the HARQ-ACK overhead, the additional overhead due to CA should be small and should be possible to dynamically control it as only a few UEs are expected to be scheduled with DL CA per sub-frame. 
For example, in Rel-8, 87 CCEs exist at 20 MHz for a PDCCH size of 3 OFDM symbols. This corresponds to a maximum HARQ-ACK PUCCH overhead of about 5 PRBs. Therefore, a maximum of about 6 PRBs should suffice to support CA. For example, assuming a total of 5 DL CCs then, for Rel-8 dynamic scheduling in the DL PCC a maximum of 15-20 UEs suffice to achieve all throughout gains (even considering MU-MIMO UEs and not considering PDCCH size limitations) [1]. For PDSCH transmissions with CA over an average of 3 DL CCs, a (rather large) maximum of about 10 UEs can be assumed per sub-frame. Therefore, the total number of required HARQ-ACK resources is at most about 35-40. For 6(PRBs)x18(channels/PRB)=108 available HARQ-ACK resources, sufficient resource availability exists, the degree of resource compression is small.
In case of semi-static HARQ-ACK resource allocation to UEs with DL CA and HARQ-ACK transmission using Rel-8 PUCCH format 2 or DFT-S-OFDM, additional overhead results due to:

a) Inability to utilize Rel-8 resources.

b) Need to provision for maximum overhead corresponding to all semi-statically configured UEs with CA, regardless of whether or not these UEs are scheduled in a sub-frame. 
c) Need to dimension fixed, maximum, resources which do not scale with the actual number of HARQ-ACK bits.

d) In case all DCI formats for a UE are transmitted in the DL PCC (such as in a typical het-net operation) any additional resources for HARQ-ACK transmission from that UE only represent overhead.

Moreover, in peak conditions for DL CA support, the overhead due to semi-static HARQ-ACK resource allocation may dramatically increase while only modest increase will occur with dynamic HARQ-ACK resource allocation. 
HARQ-ACK resource sharing among multiple UEs can reduce the respective overhead, both for dynamic and for semi-static resource indexing. However, it should also be possible to avoid collisions without imposing strict scheduler restrictions. Two alternatives are considered. 
Alternative 1

With the first alternative, resource collision can be avoided by introducing a HARQ-ACK Resource Index (HRI) Information Element (IE) in the DL SAs with CA to further adjust the indexed HARQ-ACK resource (similar to the use of the CSI in Rel-8 to index the PHICH resource) and  DL SCC specific offsets 
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 which are provided by higher layer signaling and serve similar functionality as it has been proposed for the PHICH [2] to further alleviate collisions. Then, 
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The above HARQ-ACK resource determination provides significant simplifications as DL SCCs can be activated in any order and the Rel-8 FDD implicit mapping component can be maintained for Rel-10 FDD with CA. 

As UEs with DL CA are expected to have at least moderate DL SINR and, on average, a few of them will be scheduled per sub-frame, adding an explicit HRI IE (e.g. with 2 bits) in the DCI formats for PDSCH with CA will not noticeably impact the PDCCH overhead. The 2-bit HRI IE can be interpreted as in Table 1. 

Table 1: Mapping the HARQ-ACK Resource Index to an Offset Value.

	HARQ-ACK Resource Index Field
	Offset Value

	00
	0

	01
	-1

	10
	1

	11
	2


The addition of an explicit HRI IE may also be avoided and implicit determination may instead be used (similar to the CSI indexing the PHICH resources). Assuming the presence of a counter DAI in the DCI formats for PDSCH transmission with CA, the redundant TPC bits may serve to index the HARQ-ACK resources in the PUCCH. The DCI format with DAI=0 carries the actual TPC command. If the DCI format with DAI=0 is missed by the UE, the TPC command for the HARQ-ACK transmission is missed and the UE does not perform any power adjustment. However, this is not expected to have a noticeable impact on the overall system operation as it is a low probability event, UEs with DL CA have good link quality, and a single TPC adjustment is small and usually within 1 dB. 
Alternative 2

With the second alterative, resource collision can be avoided by mapping additional HARQ-ACK resources required with CA within a separate HARQ-ACK region, as shown in Figure 2. One HARQ-ACK region (HARQ-ACK region 1) is used for mapping HARQ-ACK resources for the DL PCC linked with the UL PCC. The other HARQ-ACK region (HARQ-ACK region 2) in the UL PCC is used for mapping HARQ-ACK resources for the  DL SCCs. For defining HARQ-ACK region 2, a resource offset index 
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Figure 2: HARQ-ACK mapping Alternative 2
The first HARQ-ACK resource is mapped as in Rel.8: 
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where 
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 is smallest CCE number carrying the corresponding PDCCH in the DL PCC.
The other 
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 HARQ-ACK resources are mapped within HARQ-ACK region 2 as
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 is smallest CCE number carrying the corresponding PDCCH in the DL PCC.
4 Conclusions

This contribution considered the HARQ-ACK resource mapping in the PUCCH in conjunction with CA. The Rel-8 mapping methods can be re-used. With HARQ-ACK compression, the additional HARQ-ACK overhead in the UL PCC due PDSCH transmissions with CA is not large. In particular, the following are proposed for CA with FDD:

Proposal 1: If all DCI formats for PDSCH reception at a UE are transmitted in the DL PCC, the Rel-8 FDD HARQ-ACK resource mapping in the PUCCH applies.
Proposal 2: If some DCI formats for PDSCH reception at a UE are transmitted in DL SCCs and no HARQ-ACK resource compression is applied, the Rel-8 TDD HARQ-ACK resource mapping for the DL SCCs is applied.
Proposal 3: If some DCI formats for PDSCH reception at a UE are transmitted in DL SCCs and HARQ-ACK resource compression is applied, the following alternatives are considered:

1.  Implicit HARQ-ACK resource indexing based on the Rel-8 one and explicit HARQ-ACK resource indexing in the DL SAs together with DL SCC specific offsets.
2.  Implicit HARQ-ACK resource indexing based on the Rel-8 one, in the Rel-8 HARQ-ACK region for the DL PCC and in a second HARQ-ACK region for the DL SCCs using the smallest CCE number carrying the corresponding PDCCH in the DL PCC.
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